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Abstract. Aiming at the plastic material forming process requirements of 160T three-beam four-column
hydraulic press, this paper completes the design and performance verification of its hydraulic system. The
load boundary of the system was clarified through the load characteristic analysis of the main hydraulic
cylinder and ejection hydraulic cylinder. A double-pump oil supply hydraulic system was designed to realize
the preset action cycle of the main cylinder and the core functions of the ejection cylinder. The selection and
matching of core components such as hydraulic pump and control valve were completed. Finally, the pressure
loss and temperature rise of the system were checked. The results show that the maximum working pressure
of the system is 22.2MPa, the total pressure loss in fast return condition is 0.117MPa, the oil temperature rise
in working feed condition is 21.16°C, and the thermal equilibrium temperature is 46.16°C, which is far lower
than the maximum allowable temperature of the hydraulic system. The system meets all design requirements,
with stable operation, reliable pressure holding and small hydraulic impact, which can provide reference for
the system design of the same type of hydraulic presses.

Keywords: hydraulic press; hydraulic system design; load analysis; component selection; performance
verification
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Figure 1. Schematic diagram
of a three-beam four-column
hydraulic press
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FIREGL (BREGD:
FWEGL (EEST) Sk TAE 3 77 1600kN;
TR (BT 183 ER 1 B A 450kg;
PR s 110mmy/s; PRIE B md FE: 100mm/s;
THEHEEE: 10mm/s;
FRESL R RATFE K 500mm, H P P47 R 180mm;
HREE PR R BANBN B R f1=02, f,=0.1;
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IR, Pk B 8] 29 0.2 Fb;
TR EGL (M RIEEL):
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NRUEGLIZ B AT 100kg;

iR Al = s 100mmy/s;
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0.020.04), YT )% 35 25 B = A2 1 BEVE RH D FEAUOICR R in L5 RE. BRL TAE 6
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F 1. _LBIEGTES TIEN B RO
Table 1. Total mechanical load of the upper hydraulic cylinder in each working stage
BB

HHEAX BHURSE FIN
Ll F=G/nm 4736.84
JIjIE i F = (G = Fniup)/Mm 4476.31
{Eavis F=G/mm 4736 - 84
i F=Fup—G)/NMn 1679473.68
JI[IEES 5 F = (G~ Fnaup)/Mm 4973.68
PR F=G/Mm 4736.84

v FWUEFLIZ B G=4500N.

2. TR EZR TIEN B YL 5
Table 2. Total mechanical load of the lower hydraulic cylinder in each working stage

BEIB B

THEAR HHR SR F/N
it F = (G + Fpigown + Fraown )/nm 422115.79
[Eavis F = (G + Fegown ) /m 422105.26
IR F = (G — Fnzdown )/nm 1000
PR F=G/mm 1052.63

vE: NRUEFLIZ B4 G=1000N.
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BRI AL DRAT AT LA i T A T 32 ) PR 328 39 1 U T 1 T2 .

K 3. RERTHHE

Table 3. Detailed List of Hydraulic System

Fre T4 B Al
1 FEZER 355ml/r A7V355
2 5 28 14.3ml/r YB-A14B
3 | HaUnR i 16L/min DT-02-*-22
4 | SRR 400L/min BT-10-3%-32
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Wk W EE E R 5 | R 2L/min YTF3-E6B
i . 6 FELR L] ] 500L/min S-DSHG-06-2B - 3%-51
Py 2L Paray 4
%ﬁgﬂ'“$&ﬁ$ﬂ _fﬂ:/% ’}E 7 | Ehgke 35MPa ST-02-K-20
N TAEE JJ AR SERr 8 | rpddea i 120L/min DSG-03-2D2-%-50
TR, W E T R R s R 9 | R 250L/min CP 3% G-10-E-50-50
. s s 10 HER 63L/min DBDS10P10/31.5
NrE=N S| A A e VA
/{E"‘Jim H]%j(?‘ ZIHAE R ANZEI 1l 80L/min DZ10DP1-50/210X
&=, (HANEIE 20%, Dl 12 | wahuaE 32MPa HWH32E/06
FIdert K, BlEM AR 13 FAL [ ] 250L/min CRT-10-50-50
H A ’ 14 | JREEEE 250L/min CP % G-10-E-50-50
# [2]. 18 St I 250L/min DBDSP20P10B
19 TR I 31.5MPa MG6G1.2B
4 BERGERERIEH 20 %ﬁiﬁ - 63L/min DBDS10P10/31.5
o 21 SR L[] [ 500L/min S-DSHG-06-2B %-3%-51
417 LQ%E{-‘}H E#F= R RKEFE 60MPa YN-60

PRIB I, W FLTC AT i 1)

BNy N TR N N A AR N % 18 g vi R N P 2 VA = R S EX R i o
(] 350 % 1) s 3 45 2K

ECBE v A R A K YA =3m G5 R RIS IR IB N R E S, & H I
K7 1) U 46 A2 T, — i BN EE 3%~4%, RIEBURKAR), HE H
1% d=40x10"m, WK RGEH N32 SR, %R TI/ERE N 15 IRIKE,
H A T BB BAG FE v=1.5st=1.5cm%5, THEI % B p=900kg/m?, i & R4t
TolE R HE RS AR E R, @R EN: % :=200L/min=3.33x10"m3,
5] 91 4% q;=400L/min=6.67x10"m%.

C& HE R BB T 28 S K& 355L/min, NIARSER EIELEM: 7L, AT IE
S5 IAR 2 o 1:2 7] LS H 3k B & 5 R S 2 b o 1:2, BbR
[ i % e KU BN q=355%2L/min=710L/min, #3d T & #EF R B [3]).

1. W e SR R sR A

R =22 x 10t = 128329 5 104 (5)
v v
A v — FEFE (m/s);
d — W& A1 (m);
v— MIIESIEE (cm¥%);
q— BT R E (mYs).
U 9 36 VAL ) R T RO
Re, = B3OS0 404 ~ 706.62 < 2300 (©)
40X107°X1.5
[ 36 P BRI Y R RO
Re, = 1232667100 404 ~ 1413.25 < 2300 (7)

40x1073x1.5

H_E R R, [t o R R S AT A2 SR A
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2. IREIE 1455 ZAp:
T RE S TR 5

1 pv?
XX 7 ®)

64
Re

X Apy =

FEREME |, ik v = 29 = 2000333 o /o — 2 65m/s, JE R N;

d? 3.14x40%2x1076

64 1  pV? _ 64x1.8xX900%2.65%
d” 2 706.62x40x1073x2

Pa ~ 0.012MPa (9)

TEEIEE |, i v = 282 = 20097 ) /¢ ~ 5.31m/s, NIE S84 H:

md?  3.14x402x10~6

_ Il pV?  64%x1.8x900x5.312
Appz = = XX === =
Re d 2 1413.25X40x1073%2

3. JAER R Ak

W TR SR R B 38 B, P LR 25 B IR S o A7 AR Fc e A il i 1) I
AR TP R 45 K, 2 U R B T 9 % APy =
0.03 x 10°Pa, [l /E /1#i % AP, = 0.05 x 10°Pa, ).

e S A Bk

YAP, = APy, + AP = (0.012 + 0.03) x 10°Pa = 0.042 X 106Pa  (11)

Pa ~ 0.025MPa (10)

EIN VAR E e
YAP, = APy, + APy, = (0.025 + 0.05) X 106Pa = 0.075 x 10°Pa  (12)

POB IR EFL 7%, F = 4736.84N, NIPEFYREFL TAEE 1N

_ F+YAP,A; _ 4736.84+0.075x10°X0.080384
1= a4 0.048984

Pa = 0.22 x 10°Pa (13)

%3\

pp = p1 + 2AP; (14)

15 BRAR VU 2 B A T 5
pp=py +3AP, = (0.22+0.042) x 10°Pa = 0.262 x 10°Pa (15)

4.2 BERGHEZRMBAEE
FERA TARIEIA S, THER B &5 A K, BT DL R G R R B R Tk
B Bt R, Wi Tk T 5 R iR T [4)].
Tk AL TN 21.3kW BT %
P, = 21.3kW
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EEEN
P, = Fv (16)

15 R IS T ) A H T 6

P, = Fv = 1679473.68 x 0.01 X 107 3kW = 16.79kW

EER2

d)ZPI_PZ (17)

R R
® =P, — P, = (21.3 - 16.79)kW = 4.51kW

CAHFE AT V=3232.9L
MR M =NE KA EBIAE 1:1:1 3 1:2:3 JEEE A, HoliT s o 4E s
1) 80%, WIFHLHFAH A A(m?) HH=
A =0.065VV2 (18)

75 VA8 1T AL A T AR
A = 0.065YV2 = 0.06533232.92m2 = 14.21m?

1B 18 A R 47, BOMARECR RS Cp = 15 X 1073 kW /(m? - °C),
R A=

AT = — (19)

X Cr — WA BERRE [kW/(m? - °0)], X BRA A8 X R L Cr =
(1517) x 1073
FR BT
AT =2 =22 ___o¢~21.16°C
CTA 15x107°x14.21
BOAIEIR B T=25°C,
U AP T -
T, = T, + AT = 25°C + 21.16°C = 46.16°C < [T;] = 55°C

A [T1] — B SOFIRE . S MHLER, [T1]=5570°C.
FIT LA AR BUASE A T IA B EK [5].
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